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(57) ABSTRACT

A stereoscopic 1mage generating device includes: a bright-
ness calculation unit that, on an image that 1s photographed
using a stereo adapter, obtains the brightness representative
value of the first area where neither of two beams from the
object 1s incident; a threshold value determining unit that
obtains a threshold value based on the brightness representa-
tive value; and an object area extracting unit that extracts two
sets of pixels having brightness value higher than the thresh-
old value on the image, as a second area where one of the two
beams 1s incident and a third area where the another of the two
beams 1s 1incident, and produces a stereoscopic image by a
pair of a first partial image that 1s cut out from the second area,
and a second partial image that 1s cut out from the third area.

6 Claims, 8 Drawing Sheets
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STEREOSCOPIC IMAGE GENERATING
DEVICE AND STEREOSCOPIC IMAGE
GENERATING METHOD

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s based upon and claims the benefit of

priority of the prior Japanese Patent Application No. 2011-
274380, filed on Dec. 15, 2011, and the entire contents of
which are imncorporated herein by reference.

FIELD

The embodiments discussed herein are related to a stereo-
scopic 1mage generating method and a stereoscopic 1image
generating device which generate a stereoscopic image from
images photographed by a camera having a stereo adapter
mounted thereto which allows an object to be photographed
from two different directions.

BACKGROUND

Heretofore, research for producing three-dimensional
images has been made. As one method of producing a three-
dimensional image, a method of displaying two 1mages of an
object photographed from different directions side by side,
and showing these two 1mages to the viewer’s left eye and
right eye respectively, has been known. A pair of images used
in this method 1s referred to as a stereoscopic 1image.

To generate a stereoscopic 1mage, a stereo adapter that 1s
attached to the front plane of the imaging lens of a monocular
camera and forms two 1mages when an object 1s viewed from
different directions in the left half and the rnight half of the
imaging plane of the camera, 1s known (see, for example,
Japanese Laid-Open Patent Publication No. 8-36229 and
Japanese Laid-Open Patent Publication No. 2004-101666).
The stereo adapter has two pairs ol two mirrors, which are, for
example, arranged to be line-symmetric with respect to the
center of the stereo adapter 1n the horizontal direction, so that
the camera 1s able to form 1mages of an object which see the
object from two different directions. Inner mirrors included in
the mirror pairs are located in the front plane of the imaging
lens, and are arranged such that the reflecting planes are
directed toward the imaging lens and tilted in the horizontal
direction with respect to the optical axis of the imaging lens.
Then, the inner mirrors guide the beams from the object, and
reflected by outer mirrors included 1n the mirror pairs to the
imaging lens. The outer mirrors are arranged 1n the horizontal
direction with respect to the imaging lens and further on the
outer side than the inner mirrors, and the reflecting planes of
the outer mirrors are directed toward the object. By this
means, images of the object, when the object 1s viewed from
the positions of the outer mirrors, are formed 1n the left half
and right half on the imaging plane of the imaging lens.
Consequently, by cutting out the areas where 1images of the
object are captured from the left half and right half of an
image acquired by photographing the object using a stereo
adapter, and making these areas the left-eye image and right-
eye 1mage, a stereoscopic 1mage 1s acquired.

When photographing an object using a stereo adapter,
since the size of the two inner mirrors inside the stereo adapter
1s smaller than the photographing range of the imaging lens,
vignetting of light occurs by the housing of the stereo adapter.
Due to the vignetting, there 1s a poorly 1lluminated area in the
tocal plane of the imaging lens, and, as a result, there 1s a dark
area 1n an 1mage generated by photographing an object using
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a stereo adapter. Note that, for ease of explanation, a dark area
that 1s produced by vignetting on an image will be heremaftter
referred to as “vignetting area”. Then, when a vignetting area
1s included 1n part of a left-eye 1image or a right-eye 1image, a
dark area 1s included 1n part of a three-dimensional image that
1s produced using the left-eye image and nght-eye image, and
therefore the quality of the three-dimensional produced
image 1s reduced. Therefore, a technology for setting in
advance the areas for cutting the left-eye and right-eye images
from an 1mage generated by photographing an object using a
stereo adapter, such that vignetting area 1s not included 1n the
left-eye-image and right-eye image, 1s disclosed (see, for
example, Japanese Laid-Open Patent Publication No. 2004 -
129186, and Japanese Laid-Open Patent Publication No.
2005-45328).

However, every time the stereo adapter 1s attached to the
lens barrel of the camera, the mounting position of the stereo
adapter with respect to the lens may shift. Then, when the
mounting position of the stereo adapter shiits, the position of
the vignetting area on the image also shifts. Consequently,
depending on the mounting position of the stereo adapter, a
part of the vignetting area may be superimposed on the areas
from which the left-eye and right-eye images are cut.

On the other hand, determining whether or not vignetting,
occurs by a wide converter attached to the front plane of an
imaging lens based on whether or not the brightness values of
the four comers of an 1mage are equal to or lower than a
predetermined threshold value, 1s disclosed (see, for example,
Japanese Laid-Open Patent Publication No. 2000-314834).
Further, dividing an 1mage into a plurality of blocks and
determining whether or not vignetting occurs by blocking the
light from a flash device by a lens barrel, based on the distri-
bution of blocks having brightness equal to or lower than a
threshold value, 1s disclosed (see, for example, Japanese
Laid-Open Patent Publication No. 2006-41741). Further-
more, this patent literature discloses changing the threshold
value depending on photographing conditions such as the
amount of light emitted, and so on.

However, the brightness in a vignetting area changes
depending on the brightness of the object or its surroundings
and so on. This 1s, for example, because a part of stray light
having entered mto the housing of the stereo adapter may be
reflected inside the housing and arrive at the imaging lens, and
the amount of stray light also varies depending on the bright-
ness of the object and so on. Consequently, even 11 the thresh-
old value 1s changed in accordance with the photographing
conditions, 1t may not be possible to accurately 1dentify the
vignetting area and the areas where beams from the object are
incident.

On the other hand, using the level of pixel values in an
ineffective pixel area where light 1s not incident due to
vignetting as a black level brightness value, and correcting the
values of pixels 1n the light-concentrated range of an optical
system, 1s disclosed (see, for example, Japanese Laid-Open
Patent Publication No. 2008-160561).

However, with the technology described 1n Japanese Laid-
Open Patent Publication No. 2008-160561, no consideration
1s given to the fact that the position of the vignetting area may
shift due to the shift of the mounting position of the stereo
adapter. Consequently, depending on the mounting position
of the stereo adapter, part of the image of the object or 1ts
surroundings may be captured in the ineffective pixel area
that1s set in advance. Then, the brightness values of the pixels
where the 1mage of the object or its surroundings 1s captured
become higher than the brightness values of pixels in the
vignetting area. As a result, even if the technology described

in Japanese Laid-Open Patent Publication No. 2008-160561
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1s used to remove the vignetting area from an 1mage generated
by photographing an object using a stereo adapter, 1t may not
be possible to obtain the brightness value of the vignetting
area accurately.

SUMMARY

According to one embodiment, a stereoscopic 1mage gen-
crating device 1s provided. This stereoscopic image generat-
ing device includes: a brightness calculation unit that, on an
image generated by photographing an object using a stereo
adapter that divides light from the object into two beams and
guides the two beams to an 1imaging unit, obtains a brightness
representative value of a first area where the two beams are
not incident regardless of a mounting position of the stereo
adapter to the imaging unit; a threshold value determining
unit that, based on a relationship between the brightness
representative value and a threshold value for distinguishing,
between a pixel included 1n the first area on the 1image, and a
pixel included 1n one of a second area where one of the two
beams 1s 1ncident and a third area where the other of the two
beams 1s incident, determines a threshold value correspond-
ing to the brightness representative value; and an object area
extracting unit that extracts two sets of pixels having bright-
ness value higher than the threshold value onthe image, as the
second area and the third area, and produces a stereoscopic
image by a pair of a first partial image that 1s cut out from the
extracted second area, and a second partial image that 1s cut
out from the third area.

The object and advantages of the invention will be realized
and attained by means of the elements and combinations
particularly pointed out in the claims.

It 1s to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are not restrictive of the invention,
as claimed.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a schematic configuration diagram of a digital
camera in which a stereoscopic 1mage generating device 1s
incorporated.

FIG. 2 1s a schematic diagram 1llustrating a relationship
between a configuration of a stereo adapter and an 1mage of an
object on an 1mage.

FIG. 3A and FIG. 3B are diagrams each illustrating an
example of a positional relationship between a relative posi-
tion a stereo adapter with respect to an 1maging unit, and an
object area on an 1image generated by the imaging unait.

FIG. 4 1s a configuration diagram of a stereoscopic image
generating device according to a first embodiment.

FIG. 5 1s an operation tlowchart of a stereoscopic 1mage
generating process.

FIG. 6 1s a configuration diagram of a stereoscopic image
generating device according to a second embodiment.

FI1G. 7 1s a configuration diagram of a stereoscopic image
generating device according to a fourth embodiment.

FIG. 8 1s a configuration diagram of a computer that oper-
ates as a stereoscopic 1mage generating device when execut-
ing a computer program to implement the functions of the
units of a stereoscopic image generating device according to
cach embodiment or its variation.

DESCRIPTION OF EMBODIMENTS

Stereoscopic 1mage generating devices according to vari-
ous embodiments or their variations will be described with
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reference to the accompanying drawings. The stereoscopic
image generating devices generate a stereoscopic 1image by
cutting out two sets of pixels having brightness values higher
than a predetermined brightness threshold value, from an
image generated by photographing an object using a stereo
adapter, as two areas each capturing an 1image of the object.
Then, the stereoscopic image generating devices determines
the brightness threshold value based on the representative
value of the brightness values 1n a reference area on the
image, included in the area where neither of two beams that
are 1ncident from the object via the stereo adapter 1s incident,
regardless of the mounting position of the stereo adapter, 1.¢.,
the vignetting area. By this means, this stereoscopic image
generating device accurately cuts out the areas where the
object 1s captured, even when the mounting position of the
stereo adapter shifts.

Note that, 1n the present specification, an area including an
object on an 1mage will be referred to as an “object area”.

In the present embodiment, the stereoscopic 1mage gener-
ating device 1s icorporated 1n a digital camera, a mobile
telephone with a camera, or a mobile information terminal
with a camera, on which a stereo adapter can be mounted.

FIG. 1 1s a schematic configuration diagram of a digital
camera 1ncorporating a stereoscopic 1mage generating
device. As 1llustrated 1 FIG. 1, the digital camera 1 1s an
example of a stereoscopic 1imaging device, and includes an
imaging unit 2, an operation unit 3, a display unit 4, a storage
unit 5, a stereoscopic 1image generating device 6 and a control
umt 7. In addition, a stereo adapter 8 1s attached to the front
plane of an 1imaging optical system provided in the 1maging
unmit 2. Furthermore, the digital camera 1 may have an inter-
face circuit (not illustrated) that complies with a serial bus
standard such as the universal serial bus, to connect the digital
camera 1 with other devices such as computers and televi-
sions. The control unit 7 and the other units of the digital
camera 1 are connected by, for example, a bus.

The imaging unit 2 has an image sensor having an array of
solid state 1imaging elements that are arranged 1n a two-di-
mensional arrangement, and an 1imaging optical system that
forms an 1mage of the object 1n the left half and in the right
half of the image sensor. Then, the imaging unit 2 generates
an 1mage in which images of the object are captured i both
the left half area and the right half area on the 1image. Every

time an 1mage 1s generated, the imaging unit 2 transmits the
generated image to the stereoscopic 1mage generating device
6.

The operation unit 3 has, for example, various operation
buttons or dial switches to allow the user to operate the digital
camera 1. Then, the operation unmit 3 transmits control signals
for starting photographing, focusing and so on, and setup
signals for setting the shutter speed, aperture diameter and so
on, to a control unmit 7, according to operations by the user.

The display unit 4 has, for example, a display device such
as a liquid crystal display device, and displays various infor-
mation that i1s received from the control unit 7 or images
generated by the imaging unit 2. Note that the operation unit
3 and display unit 4 may be formed integrally using, for
example, a touch panel display.

The storage unit 5 has, for example, a readable and writ-
able, and volatile or non-volatile semiconductor memory cir-
cuit. Then, the storage unit 3 stores stereoscopic 1images that
are generated by the stereoscopic 1mage generating device 6.
In addition, the storage unit 5 may store images that are
received from the imaging unit 2. Furthermore, when the
functions of the stereoscopic image generating device 6 are
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realized by a computer program that 1s executed on a proces-
sor provided 1n the control unit 7, the computer program may
be stored as well.

From an image generated by photographing an object
using the stereo adapter 8, the stereoscopic image generating,
device 6 cuts out the area including the object captured in the
left half of the image as the left-eye image, and cuts out the
area including the object captured in the right half of the as the
right-eye 1mage. Note that, for ease of explanation, the left-
eye 1mage will be hereinafter referred to as “left image” and
the right-eye 1mage will be hereinafter referred to as “right
image.” Then, the stereoscopic 1image generating device 6
obtains a set of correction parameters for matching the posi-
tions of the image of the object captured in the left image and
the 1mage of the object captured 1n the right image. Then, the
stereoscopic 1mage generating device 6 corrects at least one
of the left image and the right image using the set of correc-
tion parameters. The stereoscopic 1image generating device 6
will be described 1n detail later.

The control unit 7 has at least one processor and 1ts periph-
eral circuitry. Then, the control unit 7 controls the entirety of
the digital camera 1.

The stereo adapter 8 has a mounting mechanism (not illus-
trated) for attaching the stereo adapter 8 to the front plane of
the 1maging unit 2, and two pairs of mirrors for forming
images when the object 1s viewed from two different direc-
tions on the imaging plane of the imaging unit 2.

FIG. 2 1s a schematic diagram 1llustrating the relationship
between the configuration of the stereo adapter 8 and the
object on an 1mage that 1s generated by the imaging unit 2. As
illustrated i FIG. 2, the stereo adapter 8 has, 1n 1ts 1nside,
left-eye mirrors 81a and 82a and right-eye mirrors 815 and
82b. Note that the left-eye mirrors 81la and 82a and the
right-eye mirrors 815 and 825 are, as mounted on the digital
camera 1, arranged to be line-symmetric with respect to the
center of the stereo adapter 8 1n the horizontal direction. Then,
the mirrors 81a and 8156 are located 1n the front plane of the
imaging optical system of the imaging unit 2, and their
reflecting planes are directed toward the imaging unit 2 and
are arranged to be tilted with respect to the optical axis OA of
the imaging optical system 1n the horizontal direction. On the
other hand, the mirrors 82a and 825 are placed turther on the
outer side than the mirrors 81a and 815, and their reflecting
planes are directed toward the object plane 200. Then, the
mirrors 82a and 825 reflect beams B1 and B2 from the object
210 located on the object plane 200, toward the mirrors 81a
and 815. Then, the beams B1 and B2 are retlected by the
mirrors 81a and 815 and are incident on the 1maging optical
system of the imaging umt 2. The orientation of each mirror
1s adjusted so that an area 211 including the object 210 1s
formed 1n both the left half area and the right half area on the
image sensor of the imaging unit 2.

InFIG. 2, an objectarea 221 including the object 210 by the
beam B1 1s formed 1n the lett half of the image 220 generated
by the imaging unit 2, and an object area 222 including the
object 210 by the beam B2 1s formed 1n the right half of the
image 220. Then, around the object areas 221 and 222, there
1s a vignetting area 230 where the beams B1 and B2 are not
incident due to vignetting by the stereo adapter 8.

Generally, the brightness 1n the vignetting area 230 1s lower
than the brightness in the object area 221 or in the object area
222. Consequently, by digitizing an image using an adequate
brightness threshold value, it 1s possible to distinguish
between the vignetting areca and the object area. However,
even 1n the vignetting area, stray light may be incident, and
therefore the brightness of pixels 1n the vignetting area varies
due to the brightness of the object or 1ts surroundings and so
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on. Consequently, when the brightness threshold value 1s too
low, part of the vignetting area 1s also wrongly extracted as an
object area. By contrast with this, when the brightness thresh-
old value 1s too high, relatively dark pixels are excluded from
an object area.

On the other hand, as described above, the brightness val-
ues of the pixels in the vignetting area vary depending on the
amount of stray light that 1s reflected inside the housing of the
stereo adapter 8 and arrives at the imaging plane of the imag-
ing unit 2, the sensitivity of the image sensor of 1imaging unit
2, and so on. Then, the amount of stray light varies depending
on the aperture diameter of the 1maging optical system of the
imaging unit 2, the shutter speed, the brightness of the object
or its surroundings, and so on. These have influence not only
on the brightness of pixels included in the vignetting area, but
also on the brightness of pixels included in the object area. In
other words, there 1s a correlation relationship that, when the
brightness values of the pixels included in the vignetting area
are high, the brightness values of the pixels included 1n the
object area also become high. Consequently, regardless of the
mounting position of the stereo adapter 8, when the area to be
included 1n the vignetting area on an 1image 1s specified, the
stereoscopic 1mage generating device 6 1s able to determine
an adequate brightness threshold value based on the bright-
ness in the vignetting area.

FIG. 3A and FIG. 3B are diagrams each depicting an
example of the positional relationship between the relative
position of the stereo adapter 8 with respect to the 1maging
unit 2, and object areas on an 1image generated by the imaging
unmit 2. In FIG. 3 A, the stereo adapter 8 1s adequately attached
to the imaging unit 2, such that the back plane 8a of the stereo
adapter 8 1s parallel to the front plane 2a of the imaging unit
2 and the center of the stereo adapter 8 1n the horizontal
direction matches the optical axis OA of the imaging optical
system of the imaging umit 2. In this case, on an 1image 300 that
1s generated by the imaging unit 2, two object areas 301 and
302 are formed to be line-symmetric with respect to the center
of the image 300.

On the other hand, in FIG. 3B, the stereo adapter 8 1s
attached such that the center of the stereo adapter 8 shiits
turther to the nght than the optical axis OA of the imaging
optical system of the imaging unit 2. Consequently, object
areas 311 and 312 formed on an 1image 310 also shiit further
to the right than the object areas 301 and 302 as of when the
stereo adapter 8 1s attached adequately, indicated by the dot-
ted lines.

Note that, when the stereo adapter 8 shiits in the vertical
direction with respect to the imaging optical system of the
imaging unit 2, depending on the magnitude of that shiit, the
positions of the object areas also shift in the vertical direction
on the image.

In this way, the positions of object areas change depending,
on the mounting position of the stereo adapter 8 to the 1imag-
ing unit 2. However, the range of positions which the stereo
adapter 8 can be mounted to the imaging unmit 2 1s limited. The
range of positions 1s generally limited by the structure of the
mounting mechanism (not illustrated) provided 1n the stereo
adapter 8, the structure of the lens barrel of the 1maging unit
2, and so on. Consequently, in an 1mage generated by the
imaging unit 2, there 1s an area to be a vignetting area, regard-
less of the mounting position of the stereo adapter 8. For
example, an area 320 and an area 321, which are near the
upper end and near the lower end of the center of the image
310 1n the horizontal direction, respectively, and which are
depicted by dotted lines 1n FIG. 3B, do not always include
object areas, and the areas 320 and 321 are entirely included
in the vignetting area.
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Therelfore, the stereoscopic image generating device 6
determines a brightness threshold value for extracting object
areas, based on the representative value of the brightness
values 1n an area that 1s constantly included 1n the vignetting
area entirely on an 1image, regardless of the mounting position
of the stereo adapter 8.

The stereoscopic image generating device 6 will be
described below in detail. F1G. 4 1s a configuration diagram of
a stereoscopic 1image generating device 6. As 1llustrated 1n
FIG. 4, the stereoscopic image generating device 6 includes a
buffer 10, a brightness calculation unmit 11, a brightness
threshold value determining unit 12, an object area extracting,
unit 13, a feature point extracting unit 14, a correction param-
eter calculation unit 15, and a correction unit 16. These units
provided in the stereoscopic image generating device 6 may
be mounted in the stereoscopic 1image generating device 6
cach as a separate circuit, or may be provided as one 1nte-
grated circuit that realizes the functions of these units.

Alternately, the stereoscopic image generating device 6
may also be formed integrally with the control unit 7. In this
case, these units provided in the stereoscopic image generat-
ing device 6 are implemented as, for example, function mod-
ules to be realized by a computer program that 1s executed on
a processor provided 1n the control unit 7. Then, various data
that 1s generated by the stereoscopic image generating device
or that 1s utilized by the stereoscopic image generating device
1s stored 1n a storage unit 3.

The buffer 10 has, for example, a volatile semiconductor
memory circuit, and stores an 1mage 1input 1n the stereoscopic
image generating device 6, and a left image and a right image
that are cut out by the object area extracting unit 13, on a
temporary basis.

On an 1mage generated by photographing an object using
the stereo adapter 8, the brightness calculation unit 11 obtains
the representative value of brightness values 1n a reference
area within a vignetting area, regardless of the mounting
position of the stereo adapter 8. In the vignetting area, neither
of the two beams that pass the left and right mirror systems
provided in the stereo adapter 8, 1s incident. Then, the bright-
ness calculation unit 11 makes the brightness representative
value be the reference brightness value for determining the
brightness threshold value.

As described above, the range of positions where the stereo
adapter 8 can be mounted to the imaging unit 2 1s limited.
Therefore, to determine the reference area, a plurality of
images by the imaging unit 2 while changing the position of
the stereo adapter 8 variously 1n the range, are generated in
advance. Then, an area that 1s commonly included in the
vignetting area 1n each 1image, 1s determined to be the refer-
ence area. Information to represent the border of the reference
area (for example, the upper leit edge coordinates and lower
right edge coordinates of the reference area when the refer-
ence area 1s rectangular, or the center coordinates and radius
of the reference area when the reference area 1s round) 1s
stored 1n advance 1n the non-volatile memory provided in the
brightness calculation unit 11.

Note that a plurality of reference areas may be set. For
example, the area 320 and the area 321 illustrated 1n FIG. 3B
may be both set as reference areas. In this case, the brightness
calculation unit 11 may make the average value of the repre-
sentative values of the reference areas be the reference bright-
ness value.

Upon recerving an image generated by photographing an
object using the stereo adapter 8 from the 1imaging unit 2, the
brightness calculation unit 11 specifies the reference area in
the image with reference to the memory. Then, the brightness
calculation unit 11 calculates the representative value of the
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8

brightness values of the reference area as the reference bright-
ness value. Note that the representative value of the brightness
values 1n the reference area may be, for example, the average
value or median of the brightness values of the pixels included
in the reference area, or a brightness value corresponding to a
predetermined cumulative number from the minimum bright-
ness value 1n a cumulative histogram of the brightness values
of the reference area. The predetermined cumulative number
1s, for example, 20%, 30%, or 60% of the total number of
pixels included in the reference area.

The brightness calculation unit 11 passes the reference
brightness value to the brightness threshold value determin-
ing unit 12.

The brightness threshold value determining unit 12 deter-
mines a brightness threshold value used to distinguish an
image 1nto object areas and other areas, based on the refer-
ence brightness value. As described above, when the refer-
ence brightness value increases higher, the brightness values
of the pixels included in the object areas are also estimated to
be high. In particular, when the amount of light increase in
accordance with changes 1n the aperture diameter of the
imaging optical system, shutter speed, the brightness of the
object or 1ts surroundings and so on, the reference brightness
value, which 1s the representative value of the brightness
values of the reference area, also increases. Therefore, the
brightness threshold value determining unit 12 determines
the brightness threshold value, based on the relationship
between the reference brightness value and the brightness
threshold value, such that the brightness threshold value
increases as the reference brightness value 1s higher.

For example, the relationship between the reference bright-
ness value and the brightness threshold value 1s determined
by the following equation:

Th=o+pPxbr (Equation 1)

br 1s the reference brightness value, and Th 1s the brightness
threshold value. In addition, a and {3 are both constants. . and
3 are determined 1n advance based on a plurality of sample
images that are generated by the imaging unit 2 according to
different photographing conditions such as, for example, the
imaging sensitivity, shutter speed and aperture diameter, or
environmental conditions such as the brightness of the object
and 1ts surroundings. To be more specific, from each of these
sample 1mages, a reference brightness value and a brightness
threshold value, which allows accurate cutting of object
areas, are determined experimentally, for example. Then, for
the pair of the reference brightness value and the brightness
threshold value found with respect to each sample 1image, o
and p are determined, using, for example, the steepest descent
method or the simulated annealing method, such that the
square sum of errors as ol when equation (1) 1s applied,
becomes the mimnimum. For example, when the brightness
value of each pixel 1s represented by eight bits, the maximum
value of the brightness values 1s 255, and the minimum value
ol the brightness values 1s 0, =90 and =30 may be set.

. and 3 are stored in advance in, for example, a non-
volatile memory provided in the brightness threshold value
determining unit 12. Then, the brightness threshold value
determining umt 12 calculates a brightness threshold value
corresponding to the reference brightness value, according to
equation (1).

Note that the brightness threshold value determining unit
12 may determine the brightness threshold value based on a
monotonically increasing function other than equation (1),
that makes the brightness threshold value higher as the refer-
ence brightness value becomes higher. For example, the
brightness threshold value determining unit 12 may deter-
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mine the brightness threshold value according to the follow-
ing equation instead of equation (1):

Th=a+pxVbr (Equation 2)

Alternately, by calculating a brightness threshold value for
cach value which the reference brightness value might take,
according to equation (1) or equation (2), a reference table
representing the relationship between the reference bright-
ness value and the brightness threshold value may be pre-
pared. Then, this reference table may be stored in the memory
provided 1n the brightness threshold value determining unit
12. In this case, with reference to the reference table, the
brightness threshold value determining unit 12 may deter-
mine a brightness threshold value corresponding to the refer-
ence brightness value.

The brightness threshold value determining unit 12 passes
the brightness threshold value to the object area extracting
unit 13.

The object area extracting unit 13 reads an image generated
by the imaging unit 2 from the buffer 10, and, from the image,
extracts two object areas where one ol the two beams that pass
the left and right mirror systems of the stereo adapter 8 1s
incident. Furthermore, the object area extracting unit 13 cuts
out areas which have a predetermined size and include the
object, from each object area, and makes these areas be the
left image and the right image.

The object area extracting unit 13 obtains a set of pixels
having brightness values higher than the brightness threshold
value 1n the left half of the image, and make this set of pixels
be the left object area. Similarly, the object area extracting
unit 13 obtains a set of pixels having brightness values higher
than the brightness threshold value in the right half of the
image, and make this set of pixels be the right object area.
Alternately, the object area extracting unit 13 may extract
pixels having brightness values higher than the brightness
threshold value by comparing each pixel against the bright-
ness threshold value, over the entire image. Then, by perform-
ing a labeling process for each extracted pixel, the object area
extracting unit 13 may obtain sets of pixels having brightness
values higher than the brightness threshold value, and, among,
these sets, extract two areas 1n order from the area including
the greatest number of pixels, as the object areas. By this
means, depending on the mounting position of the stereo
adapter 8, even when one of the two object areas overlaps the
center of the image 1n the horizontal direction, the object area
extracting unit 13 is able to extract the two object areas.

Furthermore, the object area extracting unit 13 may per-
form morphological dilation and erosion operations for the
sets of pixels having brightness values higher than the bright-
ness threshold value, and thereby include 1solated pixels
among the pixels having brightness values higher than the
brightness threshold value, 1n any of the object areas.

In each of the object areas, the object area extracting unit 13
sets a rectangular area of a predetermined size around the
center of gravity of the object area, as the left image cutting
range and the right image cutting range. Then, the object area
extracting unit 13 cuts the areas 1n the cutting ranges as the left
image and the right image, from the 1image. Since the size of
the area on the 1image where vignetting does not occur can be
learned 1n advance, the predetermined size may be made the
s1ze of the area where vignetting does not occur.

The object area extracting umt 13 stores the left image and
the right image 1n the butier 10, and also passes these to the
feature point extracting umt 14.

The feature point extracting unit 14 extracts a plurality of
pairs of feature points corresponding to the same points on the
object from the left image and the right image.
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For example, the feature point extracting unit 14 extracts
candidates of feature points from one ol the left image and the
right image. For example, a plurality of candidates of feature
points are extracted from the left image. Consequently, the
feature point extracting unit 14 detects each of a plurality of
points by, for example, applying a corner detector to the left
image, as a feature point candidate. Note that the feature point
extracting unit 14 may use a Harris detector, for example, as
the corner detector. Alternatively, the feature point extracting,
unit 14 may use a detector that detects characteristic points,
other than a corner detector, 1n order to extract feature point
candidates from the left image. As such detector, the feature
point extracting unit 14 may use, for example, a scale-invari-
ant feature transtorm (SIFT) detector.

Next, for every feature point candidate extracted from the
left 1mage, the feature point extracting umt 14 sets a prede-
termined area around the candidate at the center, as a tem-
plate. Then, the feature point extracting unit 14 calculates the
similarity between the template and the right image by, for
example, performing template matching while changing the
relative positions between the template and the right image,
and obtains the position where the similarity 1s the maximum,
as a feature point on the right image corresponding to the
candidate of the feature point on the left image. At this time,
for a feature point candidate of interest, the feature point
extracting unit 14 sets the corresponding pixel on the right
image as the first search point. Then, the feature point extract-
ing unit 14 calculates the similarity with respect to the search
point and 8 nearby pixels or 24 nearby pixels 1n 1ts surround-
ings, and sets the pixel where the similarity 1s the maximum
among them, as the next search point. Then, the feature point
extracting unit 14 may repeat the above processes until the
search point no longer moves and make the last search point
found be a feature point. Note that, for similarity, the feature
point extracting unit 14 calculates the normalized cross-cor-
relation value between the template and the area on the right
image which 1s compared with the template. Alternately, the
feature point extracting unit 14 may calculate the reciprocal
of the total sum A of the absolute values of the brightness
differences between the corresponding pixels 1n the template
and the area on the right image which 1s compared with the
template, or 1/(1+A), as the similarity.

The feature point extracting unit 14 may make a candidate
point of a feature point on the left image and the correspond-
ing point on the right image be a pair of feature points corre-
sponding to the same part of the object, only when the maxi-
mum value of the similarity 1s equal to or greater than a
predetermined threshold value. In this case, when the maxi-
mum value of similarity 1s lower than the threshold value, the
feature point extracting unit 14 may assume that, on the right
image, there 1s no feature point to match a feature point
candidate corresponding to the template, and remove the
feature point candidate from the search target of pairs of
feature points. As this predetermined threshold value 1s set
higher, the feature point extracting unit 14 1s able to improve
the reliability that a pair of feature points corresponds to the
same point. For example, the predetermined threshold value
1s set to a value given by multiplying the maximum value
which the similarity can take, by 0.8 to 0.9. Alternately, the
feature point extracting unit 14 may increase the predeter-
mined threshold value as the number of feature point candi-
dates extracted from the left image 1s greater. By this means,
when the number of feature point candidates extracted from
one 1mage 1s large, the feature point extracting unit 14 1s able
to extract only pairs of feature points having a high possibility
of corresponding to the same points. Also, even when the
number of feature point candidates extracted from one 1image
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1s small, the feature point extracting unit 14 1s able to extract
a sufficient number of pairs of feature points to obtain the
correction parameters.

For every pair of feature points acquired, the feature point
extracting unit 14 notifies the correction parameter calcula-
tion unit 15 of the horizontal coordinate values and vertical

coordinate values of the two feature points.
To match the position of the object captured 1n the left

image with the position of the object captured in the right
image, the correction parameter calculation unit 15 calculates
a set of correction parameters for correcting the 1mage cap-
tured 1n at least one of the left image and the right 1mage.

The difference between the position ol the object on the left
image and the position of the object on the right image can be
corrected by performing projective transformation with
respect to the 1mage on at least one of the 1mages, to be
virtually an image as seen from the same direction as the
direction from which the other image 1s photographed. This
projective transformation is represented, for example, by the
tollowing equations:

() (X)) (Equations 3)
v |=ARATY y
\ 1 / \ 1 /
(X' (u—W /2>
y" — RZ VY — H/2 + 7
\ 1 y \ 1 7
1 0 0 yfcosd, 0O —sind >
R=|0 cosf, sinb, 0 1 0
0 —sinf, cost, A sinf, O cosd, |
(f 0 0)
A=10 f O
0 0 1,
(cosfl, —sinf), 0)
Rz=| sinf, cosf, 0O
. O 0 1,
(W /2
T=| H/2
\ 0 /

(X, v) are the horizontal direction coordinate and vertical
direction coordinate of a point of interest on the image of the
correction target (1n this example, the left image), and (X', ')
are the horizontal direction coordinate and vertical direction
coordinate of the point of interest on the 1image after correc-
tion. In addition, 0, and 6, represent the rotation angles of the
optical axis of the imaging optical system corresponding to
the correction target image of the two 1mages 1n the horizontal
direction and the vertical direction, with respect to the optical
ax1s of the imaging optical system corresponding to the image
(in this example, the right image) not being the correction
target of the two 1mages. Further, 0_1s the rotation angle of the
correction target image with respect to the optical axis of the
imaging optical system corresponding to the image not being
the correction target, as the center of rotation. Further, 11s the
focal distance of the imaging optical systems corresponding
to the 1image of the correction target and the 1mage not being,
the correction target, and, 1n the present embodiment, 11s the
tocal distance of the imaging optical system of the imaging
unit 2. Then, the coordinate of a point on an 1mage corre-
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sponding to the point where the optical axis of the imaging
optical system and the 1imaging plane intersect, 1s represented
as (W/2, H/2). W 1s the width of the image and H 1s the height
of the image. Consequently, the parameters 0., 0, and 0, are
cach a correction parameter. Further, assuming that projective
transformation 1s performed using an arbitrary matrix of 3
rowsx3 columns, the correction parameter calculation unit 15
may use the nine elements contained in the matrix as correc-
tion parameters. Alternately, the correction parameter calcu-
lation unit 15 may normalize all of the elements such that,
among the nine elements of the projective transformation
matrix of 3 rowsx3 columns, one of the non-zero elements
becomes 1, and use eight elements as correction parameters.

The correction parameter calculation unit 15 determines
the parameters 0, 0., and 6_, using, for example, the minimum
square method. In other words, using the parameters 6, 6
and 0_ as variables, for each of a plurality of pairs of feature
points, the correction parameter calculation unit 15 converts
the coordinates of feature points on at least one of the left
image and the right 1image according to equations (3), and
obtains the square of the distance between the feature points
alter the conversion. Then, the correction parameter calcula-
tion unit 15 obtains the mean square value of the distance with
respect to each pair of feature points. The correction param-
eter calculation unit 15 uses the parameters 0, 0., and 6, to
minimize this mean square value as the set ol correction
parameters. According to the present embodiment, the cor-
rection parameter calculation unit 15 obtains the set of cor-
rection parameters (0, 0., and 6,) for performing projective
transformation of the left image according to equations (3).
However, the correction parameter calculation unit 15 may
obtain the set of correction parameters (6,, 0, and 6,) for
performing projective transiormation of the right image
according to equations (3). The correction parameter calcu-
lation unit 15 passes the set of correction parameters (6, 6_,
and 0_) to the correction unit 16.

The correction unit 16 generates a stereoscopic 1image by
correcting at least one of the object on the left image and the
object on the right 1image, using the calculated set of correc-
tion parameters. In the present embodiment, the correction
unmit 16 performs projective transformation for each pixel of
the left image according to the equations given by applying
the set of correction parameters to equations (3). Then, the
pair of the left image acquired and the corresponding right
image makes a stereoscopic 1mage.

Note that the correction unit 16 may correct the position of
cach pixel of the right image, instead of correcting the posi-
tion of each pixel of the left image. In this case, 1n equations
3, the correction umt 16 may make the set of correction
parameters (6., 0, and 0,) be (-0,, -0, and -0,). Alterna-
tively, the correction unit 16 may correct the position of each
pixel of the left image and the position of each pixel of the
right image according to equations (3). In this case, the set of
correction parameters to apply to the lett image may be (0./2,
0,/2 and 0,/2), and the set of correction parameters to apply to
the right image may be (-6,/2, -6,/2 and -0,/2).

The stereoscopic 1mage generating device 6 displays the
acquired stereoscopic image on the display unit 4 or stores the
acquired stereoscopic 1mage 1n the storage unit 3.

FIG. 5 1s an operation flowchart of the stereoscopic image
generating process that 1s executed by the stereoscopic image
generating device 6. The stercoscopic 1mage generating
device 6 acquires an 1mage generated by photographing an
object using the stereo adapter 8, from the imaging umt 2
(step S101). Then, the stereoscopic 1mage generating device
6 stores the image 1n the buffer 10. The brightness calculation
umt 11 determines a reference brightness value from the
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reference area included 1n the vignetting area 1n the 1mage
(step S102). Then, the brightness calculation unit 11 passes
the reference brightness value to the brightness threshold
value determining unit 12. The brightness threshold value
determining unit 12 determines the brightness threshold
value to be a higher value as the reference brightness value 1s
greater (step S103). Then, the brightness threshold value
determining unit 12 passes the brightness threshold value to
the object area extracting unit 13.

The object area extracting unit 13 reads an 1image from the
buifer 10, and extracts, from the 1mage, two sets of pixels
having brightness values higher than the brightness threshold
value, as object areas (step S104). Then, the object area
extracting unit 13 generates the left image and the right image
by cutting out, from each object area, an area including the
object and not including the vignetting area (step S105). The
object area extracting unit 13 stores the left image and the
right image in the buifer 10 and also passes the left image an
the right image to the feature point extracting unit 14.

The feature point extracting unit 14 extracts a pair of fea-
ture points corresponding to the same point of the object,
from the left image and the right image (step S106). Then, the
feature point extracting unit 14 passes the coordinates of each
teature point included 1n the pair of feature points, to the
correction parameter calculation unit 135.

The correction parameter calculation unit 15 calculates the
set of correction parameters based on the pair of feature points
(step S107). Then, the correction parameter calculation unit
15 passes the set of correction parameters to the correction
unit 16.

The correction unit 16 reads out the left image and the right
image from the buffer 10, and, by correcting the position of
cach pixel of at least one 1image of the lelt image and the right
image, using the set of correction parameters, generates a
stereoscopic image (step S108). Then, the stereoscopic image
generating device 6 outputs the generated stereoscopic
image, and finishes the stereoscopic 1image generating pro-
Cess.

As described above, on an 1mage generated by photograph-
ing an object using a stereo adapter, this stereoscopic 1mage
generating device determines the brightness threshold value
for extracting the object areas, based on the brightness of the
reference area included in vignetting area, regardless of the
mounting position of the stereo adapter. Consequently, even
when the mounting position of the stereo adapter shiits, this
stereoscopic 1mage generating device 1s able to extract the
object area accurately, and therefore i1s able to prevent a
vignetting area from being included 1n the left image and the
right image included 1n the stereoscopic image.

Next, a stereoscopic image generating device according to
a second embodiment will be described. This stereoscopic
image generating device, once a set of correction parameters
has been calculated by executing a calibration process, stores
the set of correction parameters. Then, for a pair of a left
image and a right image acquired later, this stereoscopic
image generating device generates a stereoscopic 1image by
correcting the position of the object on at least one of the left
image and the right image, using the set of correction param-
eters.

FI1G. 6 1s a configuration diagram of the stereoscopic image
generating device according to the second embodiment. The
stereoscopic 1mage generating device 61 according to the
second embodiment includes: a butler 10, a brightness cal-
culation unit 11, a brightness threshold value determining
unit 12, an object area extracting unit 13, a feature point
extracting unit 14, a correction parameter calculation unit 15,
a correction unit 16, and a correction parameter storage unit
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17. In FIG. 6, the units of the stereoscopic image generating,
device 61 are assigned the same reference numerals as the
reference numerals of the corresponding components of the
stereoscopic 1mage generating device 61 of the first embodi-
ment illustrated 1n FIG. 4.

The stereoscopic image generating device 61 according to
the second embodiment differs from the stereoscopic image
generating device 6 according to the first embodiment with
respect to the correction parameter storage unit 17. Therefore,
the correction parameter storage unit 17 and 1ts related parts
will be described below. As for the other components of the
stereoscopic image generating device 61, see the descriptions
ol the corresponding components of the stereoscopic 1mage
generating device according to the first embodiment.

The correction parameter storage unit 17 has, for example,
a readable and writable, and non-volatile semiconductor
memory circuit. Then, the correction parameter storage unit
17 stores the cutting ranges of the left image and the right
image, received from the object area extracting umt 13, and a
set of correction parameters received from the correction
parameter calculation unit 15.

In the present embodiment, the set of correction parameters
1s determined by executing steps S101 to S107 1n the opera-
tion flowchart illustrated in FIG. 5, when, for example, a
calibration process 1s executed on a digital camera mounting
the stereoscopic 1image generating device 61. Then, the ste-
reoscopic image generating device 61 finishes the calibration
pProcess.

In addition, upon normal photographing, the stereoscopic
image generating device 61 executes only the processes of
steps S101, S105 and S108, without executing the processes
of steps S102 to S104, S106 and S107. To be more specific,
every time acquiring an image generated by photographing an
object using the stereo adapter 8 from the 1imaging unit 2, the
stereoscopic 1mage generating device 61 generates the left
image and the right image by trimming the image based onthe
cutting ranges of the left image and the right image stored 1n
the correction parameter storage unit 17. Then, the stereo-
scopic 1mage generating device 61 generates a stereoscopic
image by correcting the position of each pixel 1n at least one
of the left image and the right 1image, according to equations
(3), using the set of correction parameters stored in the cor-
rection parameter storage unit 17.

According to the second embodiment, the stereoscopic
image generating device does not have to determine the cut-
ting ranges of the left image and the rght image and a set of
correction parameters upon every shot, and therefore 1s able
to reduce the amount of calculation to generate a stereoscopic
image upon photographing. Further, when generating a ste-
reoscopic 1image from a plurality of images that are continu-
ous 1n time like a movie, the stereoscopic 1mage generating
device 1s able to use the same cutting ranges for each image.
Consequently, this stereoscopic image generating device 1s
able to prevent the positional relationship between the object
on the left image and the object on the right image from
varying over time.

Note that, 1n the first embodiment, the stereoscopic image
generating device may use the left image and the right image
themselves, which are cut out by the object area extracting
unit from an 1mage received from the imaging unit, as a
stereoscopic 1mage. In this case, the feature point extracting
unit, the correction parameter calculation unit and the correc-
tion unit may be omitted. Then, the processes of steps S106 to
S108 in the operation flowchart of the stereoscopic image
generating process illustrated in FIG. § are omitted as well.

Similarly, 1n the second embodiment, the stereoscopic
image generating device may obtain cutting ranges of the lett
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image and the right image and stores the cutting ranges 1n the
correction parameter storage unit, in the calibration process,
without calculating a set of correction parameters. Then,
upon normal photographing, the stereoscopic image generat-
ing device generates the left image and the right image by
trimming an image according to the cutting ranges of the left
image and right image, and make the pair of the left image and
the right image be a stereoscopic image. Consequently, in this
variation, the feature point extracting unit, the correction
parameter calculation unit and the correction unit may be
omitted. Especially when the difference between the shape of
the object on the left image and the shape of the object on the
right image 1s negligibly small, these vanations are able to
suppress the deterioration of the quality of the stereoscopic
image and reduce the amount of calculation 1n the stereo-
SCOPIC 1mage generating process.

Next, a stereoscopic image generating device according to
a third embodiment will be described. In order to apply the
cutting ranges of the left image and right image that are
determined based on the resolution of the original image
generated by the imaging unit, to an 1image having a different
resolution from that of the original 1image, this stereoscopic
image generating device corrects the cutting ranges.

The stereoscopic image generating device according to the
third embodiment has the same components as the compo-
nents provided in the stereoscopic image generating device
61 according to the second embodiment. However, the ste-
reoscopic 1mage generating device according to the third
embodiment differs from the stereoscopic image generating
device 61 according to the second embodiment with respect
to receving a processing target image that has a different
resolution from the resolution of the original image, and with
respect to the object area extracting unit 13. Therefore, units
relating to use of the processing target image, and the object
area extracting unit 13, will be described below. As for the
other components ol the stereoscopic i1mage generating
device, see the descriptions of the corresponding components
of the stereoscopic 1image generating device according to the
first or second embodiment.

The sterecoscopic 1image generating device receives an
original 1mage, which are generated by photographing an
object using the stereo adapter 8, from the imaging unit 2, and
stores this original image 1n the butter 10. Further, the stereo-
sCOpIC 1mage generating device recerves the processing target
image from the control unit 7 of the digital camera 1, and
stores this processing target image 1n the butler 10. The pro-
cessing target image 1s generated by, for example, sampling
pixels from the original image at predetermined pitches, or by
dividing one pixel into a plurality of pixels.

When calibrating, the object area extracting unit 13 deter-
mines the cutting ranges of the left image and right image
based on the original image. Then, the object area extracting,
unit 13 stores information representing the border of the
cutting ranges, in the correction parameter storage unit 17.

Upon normal photographing, the object area extracting
unit 13 reads the processing target image from the butler 10.
Further, the object area extracting unit 13 reads information
representing the border of the cutting ranges, from the cor-
rection parameter storage unit 17. Then, the object area
extracting unit 13 corrects the horizontal coordinate repre-
senting the border of the cutting ranges by multiplying the
horizontal coordinate of the border by a ratio (W'/W). W' 1s
the number of pixels of the processing target image in the
horizontal direction, and W 1s the number of pixels of the
original 1mage 1n the horizontal direction. Similarly, the
object area extracting unit 13 corrects the vertical coordinate
representing the border of the cutting ranges by multiplying,
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the vertical coordinate of the border by the ratio (H'/H). H' 1s
the number of pixels of the processing target 1mage 1n the
vertical direction, and H 1s the number of pixels of the original
image 1n the vertical direction.

Then, from the processing target image, the object area
extracting unit 13 cuts the left image and the right image
according to the corrected cutting ranges, and passes these
left image and right 1mage to the correction unit 16.

The correction unit 16 corrects the elements of a projective
transformation matrix that is acquired based on a set of cor-
rection parameters, based on the ratios of the numbers of
pixels of the processing target image in the horizontal direc-
tion and in the vertical direction, to the numbers of pixels of
the original image 1n the horizontal direction and 1n the ver-
tical direction. For example, the correction unit 16 converts
the projective transformation matrix based on the ratio of the
number of pixels of the original image and the number of
pixels of the processing target image, according to the fol-
lowing equation:

( Pl Pir-Ry/R, Pis-Rp® (Equatiﬂn 4)
P =| Py R, /Ry Py Py - R,
. P13/R;, Py /R, Py

1=1, 2, 3) 1s the element of the 1-th row and the j-th column
in the projective transformation matrix based on a set of
correction parameters that 1s calculated based on the original
image. This projective transformation matrix can be made a
matrix that represents the transform matrix ARA™" and the
transform matrix Rz in equations (3) together 1n one. Further,
in equations (3), the width W 1n the horizontal direction and
the height H 1n the vertical direction are the width in the
horizontal direction and the height 1n the vertical direction of
the processing target image. Further, Rh is the ratio (N, _/
N;,,). N, 1s the number ot pixels in the horizontal direction of
the area imncluded 1n the processing target image correspond-
ing to the lett image or the right image, and N, , 1s the number
of pixels 1n the horizontal direction of the left image or the
right image extracted from the original image.

Similarly, R 1s the ratio (N /N ). N 1s the number of
pixels 1n the vertical direction of the area included in the
processing target image corresponding to the left image or the
right image, and N, , 1s the number of pixels in the vertical
direction of the left image or the right image extracted from
the original image. Then, P' is the projective transformation
matrix after conversion.

The correction unit 16 generates a stereoscopic 1image by
correcting the position of each pixel 1n at least one of the left
image and the right image extracted from the processing
target 1mage using the converted projective transformation
matrix.

According to this embodiment, the stereoscopic image
generating device can cut out the left image and the right
image, from even an 1image having a different size from the
s1ze of the original 1image, without obtaining the left image
and right image cutting ranges again. Consequently, this ste-
reoscopic image generating device can reduce the amount of
calculation to be required to determine the left image and
right image cutting ranges.

According to a variation, the stereoscopic 1mage generat-
ing device may determine the cutting ranges of the left image
and right image based on the processing target image itself. In
this case, the stereoscopic image generating device converts
the size of the reference area that 1s set in advance for the
original 1mage, and the size of the left image and the right
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image to cut from the processing target image, based on the
rat10 of the number of pixels of the processing target image to
the number of pixels of the original image. After that, the
stereoscopic 1mage generating device may determine the cut-
ting ranges of the left image and right 1image by applying the
same process as the stereoscopic 1mage generating process
that 1s executed by the stereoscopic image generating device
according to the first embodiment, to the processing target
image.

Next, a stereoscopic image generating device according to
a fourth embodiment will be described. This stereoscopic
image generating device obtains a relation equation between
the reference brightness value and the brightness threshold
value based on pairs of reference brightness values and
brightness threshold values that are determined from each a
plurality of sample 1mages generated by photographing using
a stereo adapter in different photographing conditions or
environmental conditions.

FI1G. 7 1s a configuration diagram of a stereoscopic image
generating device according to a fourth embodiment. The
stereoscopic 1mage generating device 62 according to the
fourth embodiment includes a buifer 10, a brightness calcu-
lation unit 11, a brightness threshold value determinming unit
12, an object area extracting unmit 13, a feature point extracting
unit 14, a correction parameter calculation unit 135, a correc-
tion unit 16, a sample storage unit 18 and a coefficient deter-
mimng unit 19. In FIG. 7, the units of the stereoscopic image
generating device 62 are assigned the same reference numer-
als as the reference numerals of the corresponding compo-
nents of the stereoscopic image generating device 6 of the first
embodiment illustrated in FIG. 4.

The stereoscopic image generating device 62 according to
the fourth embodiment differs from the stereoscopic image
generating device 6 according to the first embodiment with
respect to having the sample storage unit 18 and the coetii-
cient determining unit 19. Therefore, the sample storage unit
18, the coelficient determining unit 19 and their related parts
will be described below. As for the other components of the
stereoscopic 1mage generating device 62, see the descriptions
ol the corresponding components of the stereoscopic 1mage
generating device according to the first embodiment.

The sample storage unit 18 has, for example, a non-volatile
semiconductor memory circuit, and stores a plurality of pairs
ol reference brightness values and brightness threshold val-
ues, which are determined from a plurality of sample 1images
generated by photographing using the stereo adapter 8 based
on different photographing conditions or different environ-
mental conditions. Note that the brightness threshold value
for sample 1mages 1s determined experimentally so that the
object area can be extracted accurately, as described with
reference to the first embodiment. On the other hand, the
reference brightness value for sample images can be found by
performing the same process as the process executed by the
brightness calculation umit 11, with the sample 1image.

The coefficient determining unit 19 obtains the relation
equation between the reference brightness value and the
brightness threshold value based on a plurality of pairs reter-
ence brightness values and brightness threshold values stored
in the sample storage unit 18. For example, when the digital
camera that has the stereoscopic image generating device 62
mounted 1s powered on for the first time, or when the calibra-
tion process 1s performed for the digital camera, the coetli-
cient determining unit 19 reads the pairs of reference bright-
ness values and brightness threshold values from the sample
storage unit 18. Then, as described with respect to the first
embodiment, the coeltlicient determining unit 19 determines a
and p for the pair of the reference brightness value and the
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brightness threshold value found for each sample image, such
that the square sum of error as of when equation (1) or equa-
tion (2) 1s applied becomes the minimum. At this time, the
coellicient determining unit 19 may uses, for example, the
steepest descent method or the simulated annealing method.

The coetlicient determining unit 19 reports the coellicients
a. and [3, to the brightness threshold value determining unit 12.
Then, the brightness threshold value determining unit 12
determines the brightness threshold value corresponding to
the reference brightness value calculated by the brightness
calculation unit 11, using the coellicients ¢ and 3 recerved
from the coellicient determining unit 19.

The functions of the units of the stereoscopic image gen-
erating devices according to the above embodiments or their
variations may be implemented by a computer program to be
executed on a processor. Such a computer program may be
provided recorded on a computer-readable recording medium
such as a magnetic recording medium, an optical recording
medium, and so on. However, the computer-readable record-
ing medium does not 1include a carrier wave.

FIG. 8 1s configuration diagram of a computer that operates
as a stereoscopic 1mage generating device according to an
embodiment described above or 1ts variation when a com-
puter program to realize the functions of the units of the
stereoscopic 1mage generating device operates.

The computer 100 includes a user interface unit 101, a
communication interface unit 102, a storage unit 103, a stor-
age medium access medium 104 and a processor 105. The
processor 105 1s connected with the user interface unit 101,
communication interface unit 102, storage unmit 103 and stor-
age medium access medium 104, via a bus, for example.

The user interface unit 101 includes, for example, an 1nput
device such as a keyboard and a mouse, and a display device
such as a liquid crystal display. Alternately, the user interface
unit 101 may include a device that integrates an input device
and a display device, such as a touch panel display. Then, the
user interface unit 101 outputs, for example, an operation
signal to start the process of generating a stereoscopic image,
1n response to user operation, to the processor 105.

The communication mtertace unit 102 may have a com-
munication intertace for connecting the computer 100 with an
imaging device (not 1llustrated) to which a stereo adapter can
be attached or detached, and its control circuit. This commu-
nication interface may be made, for example, a universal
serial bus (USB).

Furthermore, the communication interface unit 102 may
include a communication interface for connecting with a
communication network i compliance with a communica-
tion standard such as Ethernet (registered trademark), and its
control circuit. In this case, the communication interface unit
102 acquires an 1mage photographing an object using the
stereo adapter, from the 1imaging device, the camera or other
devices connected to the communication network, and passes
the 1mage to the processor 105. In addition, the communica-
tion interface unit 102 may output a stereoscopic i1mage
received from the processor 105, to other devices, via the
communication network.

The storage unit 103 may have, for example, areadable and
writable semiconductor memory and a read-only semicon-
ductor memory. Then, the storage unit 103 stores a computer
program for executing the stereoscopic image generating pro-
cess, which 1s executed on the processor 105, and stores data,
including the range of the reference area, the coellicients o
and {3 1n above equation (1) or equation (2), the si1ze of the lett
image and the right image and so on, used 1n the stereoscopic
image generating process. Also, the storage unit 103 stores an
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image recerved via the communication interface unit 102, or
a stereoscopic 1mage generated by the processor 105 and so
on.

The storage medium access device 104 1s a device to access
the storage medium 106, which 1s, for example, a magnetic
disk, a semiconductor memory card, or an optical storage
medium. The storage medium access device 104 reads the
computer program for the stereoscopic image generation pro-
cess, that 1s stored 1n the storage medium 106 and that i1s
executed on the processor 105, and passes this computer
program to the processor 105. The storage medium access
device 104 may also write a stereoscopic 1mage that 1s gen-
erated by the processor 105, in the storage medium 106.

The processor 105 generates a stereoscopic 1mage from an
image photographing an object using a stereo adapter, by
executing a computer program for the stereoscopic image
generating process according to one of the above embodi-
ments or variation. Then, the processor 105 stores the gener-
ated stereoscopic image 1n the storage unit 103 or outputs that
generated stereoscopic 1image to other devices via the inter-
face unit 102.

All examples and conditional language recited herein are
intended for pedagogical purposes to aid the reader 1n under-
standing the mvention and the concepts contributed by the
inventor to furthering the art, and are to be construed as being
without limitation to such specifically recited examples and
conditions, nor does the organization of such examples 1n the
specification relate to a showing of the superiority and infe-
riority of the invention.

Although the embodiments of the present inventions have
been described 1n detail, 1t should be understood that the
various changes, substitutions, and alterations could be made
hereto without departing from the spirit and scope of the
invention.

What is claimed 1s:

1. A stereoscopic 1image generating device comprising:

a brightness calculation unit that, on an image that 1s gen-
erated by photographing an object using a stereo adapter
that divides light from the object into two beams and
guides the two beams to an i1maging unit, obtains a
brightness representative value of a first area where the

two beams are not incident and vignetting occurs even 1

a mounting position of the stereo adapter to the imaging
unit jolts out of alignment;

a threshold value determining unit that, based on a rela-

tionship between the brightness representative value and
a threshold value for distinguishing between a pixel
included 1n the first area on the image, and a pixel
included in one of a second area where one of the two
beams 1s incident and a third area where the other of the
two beams 1s incident, determines the threshold value
corresponding to the brightness representative value;
and

an object area extracting umt that compares a brightness

value of each pixel included in an area on the 1image
which differs from the first area with the threshold value
to extract two sets of pixels having brightness value
higher than the threshold value on the image, as the
second area and the third area, and produces a stereo-
scopic 1mage by a pair of a first partial image that 1s cut
out from the second area, and a second partial image that
1s cut out from the third area.

2. The stereoscopic 1mage generating device according to
claiam 1, wherein the threshold value determining umnit
increases the threshold value as the brightness representative
value 1s higher.
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3. A stereoscopic image generating method comprising:

obtaining, on an 1image that 1s generated by photographing,
an object using a stereo adapter that divides light from
the object into two beams and guides the two beams to an
imaging unit, a brightness representative value of a first
arca where the two beams are not incident and vignetting
occurs even 1i a mounting position of the stereo adapter
to the 1imaging unit jolts out of alignment;

determining, based on a relationship between the bright-
ness representative value and a threshold value for dis-
tinguishing between a pixel included 1n the first area on
the 1mage, and a pixel included 1n one of a second area
where one of the two beams 1s 1incident and a third area
where the other of the two beams 1s incident, the thresh-
old value corresponding to the brightness representative
value; and

comparing a brightness value of each pixel included 1n an
area on the image which differs from the first area with
the threshold value to extract two sets of pixels having
brightness value higher than the threshold value on the
image, as the second area and the third area, and produc-
ing a stereoscopic image by a pair of a first partial image
that 1s cut out from the second area, and a second partial
image that 1s cut out from the third area.

4. The stereoscopic image generating method according to
claim 3, wherein the threshold value 1s determined so that the
threshold value increases as the brightness representative
value 1s higher.

5. A non-transitory computer readable recording medium
storing a computer program for generating a stereoscopic
image, the computer program causing a computer to execute:

obtaining, on an 1image that 1s generated by photographing
an object using a stereo adapter that divides light from
the object into two beams and guides the two beams to an
imaging unit, a brightness representative value of a first
area where the two beams are not incident and vignetting
occurs even 1i a mounting position of the stereo adapter
to the 1imaging unit jolts out of alignment;

determining, based on a relationship between the bright-
ness representative value and a threshold value for dis-
tinguishing between a pixel included 1n the first area on
the 1mage, and a pixel included 1n one of a second area
where one of the two beams 1s 1ncident and a third area
where the other of the two beams 1s 1ncident, the thresh-
old value corresponding to the brightness representative
value; and

comparing a brightness value of each pixel included 1n an
area on the image which differs from the first area with
the threshold value to extract two sets of pixels having
brightness value higher than the threshold value on the
image, as the second area and the third area, and produc-
ing a stereoscopic image by a pair of a first partial image
that 1s cut out from the second area, and a second partial
image that 1s cut out from the third area.

6. A sterecoscopic 1maging device comprising;:

an 1maging unit that generates an 1image by photographing,
an object;

a stereo adapter that 1s placed 1n a front plane of the 1mag-
ing unit, divides light from the object into two beams and
guides the two beams to the imaging unit, and generates
two 1mages of the object on the image; and

a processor adapted to:
obtain, on the 1mage, a brightness representative value of

a first area where the two beams are not incident and
vignetting occurs even 1 a mounting position of the
stereo adapter to the imaging unit jolts out of align-
ment;
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determine, based on a relationship between the brightness
representative value and a threshold value for distin-
guishing between a pixel included 1n the first area on the
image, and a pixel included in one of a second area

W
W

here one of the two beams 1s incident and a third area

here the other of the two beams 1s 1ncident, the thresh-

old value corresponding to the brightness representative
value; and

compare a brightness value of each pixel included in an
area on the 1mage which differs from the first area with
the threshold value to extract two sets of pixels having
brightness value higher than the threshold value on the
image, as the second area and the third area, and produce
a stereoscopic 1mage by a pair of a first partial image that
1s cut out from the second area, and a second partial 15
image that 1s cut out from the third area.
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